Energies of charged particle are determined in nuclear emulsion experiments by tracing trajectories of charged particle and analyzing their multiple scattering properties. Traditionally they use multiple scattering theory under the gaussian approximation and determine the energies from the mean square deflection angle. Multiple scattering theory is improved today to take account the single and the plural scatterings together, where the mean square deflection angle almost diverges. We examine feasibility of the most likelihood method with Moliere theory of multiple scattering to determine the energy of charged particle. We also examine Moliere simultaneous distribution to determine the energy more accurately.
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Introduction
The energy or the momentum of charged particles has been determined by angular or sagitta method in nuclear emulsion experiments [1] , tracing trajectories of charged particle and comparing those with multiple scattering theory. DONUT project applied the angular method in his nutrino experiment, where he applied the multiple scattering theory under the gaussian approximation and determined the momentum of charged particles from the mean square deflection angle [2] .
The multiple scattering theory is improved today to take account the single and the plural scatterings other than the multiple scattering, where the mean square deflection angle diverges so that the momentum of charged particle cannot be determined by the traditional method any more. We examine another angular method to determine the energy of charged particles by the improved multiple scattering theory of Moliere, and further attempt to apply the Moliere simultaneous distribution to determine the energy of charged particles more accurately.
Moliere simultaneous distribution between the deflection angle and the lateral displacement

Fourier spectral density
Charged particles traversing through matters of thickness t in radiation length [3] receive inumerable number of Coulomb scattering, so that they change their deflection angle θ and lateral displacement y of projected components. Let f (θ , ψ,t) be the simultaneous probability density between the deflection angle θ and the chord-angle ψ defined as ψ ≡ y/t (2.1)
andf (ζ , ηt,t) be its Fourier spectral density
thenf (θ , ψ,t) is solved as [4, 5] f (ζ , ηt,t) = 1 2π exp
where K and Ω denote the scattering constants introduced by Kamata and Nishimura [6, 7, 4] and ε the critical energy [3] .
Especially under the fixed energy condition ( ε = 0), we have
with
Note that the logarithm of our spectral densiry (2. 
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Simultaneous probability density
As it holdsf
the double Fourier transforms of Eq. (2.2) is reduced to the double cosine transforms as
The result of Molière simultaneous distribution between th deflection angle θ and the chord-angle ψ under the fixed energy condition is indicated in Figs. 1 for B = 8.
The simultaneous distribution can also be expressed as g(ρ, ϕ,t)ρdρdϕ in the polar coordinate, satisfying
On the radial axis with the azimuthal angle of 0, the probability density is expressed as
If we introduce the new θ ′ -ψ ′ and ζ ′ -η ′ t coordinates by rotating both the θ -ψ and ζ -ηt coordinates with ϕ, the probability density on the θ ′ axis, or g(ρ, ϕ), is derived same way as Eq. (2.11) on the rotated coordinate,
The radial variations of Molière simultaneous distribution are indicated in Fig. 2 against the azimuthal angles ϕ of 0, π/6, π/3, π/2, 2π/3, and 5π/6 for B = 8.
Energy determination of charged particle by using the Moliere theory of multiple scattering 3.1 Energy decision by the most likelihood method with Moliere angular distribution
DONUT collaboration determines the momentum of charged particles from the angular distribution of particles in emulsion cloud chamber expected by the multiple scattering theory of gaussian approximation [9, 2] . And MACRO collaboration determines the energy of charged particles from the angular or the lateral distribution of particles in streamer tube chambers expected by the multiple scattering theory of also gaussian approximation [10, 11] . We examine the method to determine the energy of charged particle by using the more accurate theory of multiple scattering by Moliere [12, 13, 14] .
Let f (φ ,t) be the Moliere angular distribution for the projected angle θ scaled by the Moliere scale angle θ M of Eq. (2.6), φ ≡ θ /θ M , irrespective of the projected lateral displacement y [13, 15] , then we have
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and B is determined from t as Eq. (2.5).
Let we get N projected angles
from N observations. As the probability of appearing projected angle θ within dθ is
then the scale angle θ M is determined by the maximal point of L(θ M ), hence the energy E is determined from Eq. (2.6). Mean logarithmic likelihood curves L(θ M ) applied to the Moliere projected-angular distribution θ
The results for B = 8, 12, 16, and ∞ are indicate in Fig. 3 . All curves have maximul values at about θ M = 1, which fact indicates that the most likelihood method with Moliere projected-angular distribution is applicable for energy decision of charged particles traversing through matters. The maximul feature of the mean logarithmic likelihood L(θ M ) is more clearly indicated in Fig. 4 by the negative value of relative entropy, −V , defined as
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(3.6)
Energy decision by the most likelihood method with Moliere simultaneous distribution
We apply Moliere simultaneous distribution between the deflection angle and the lateral displacement f (θ , ψ,t) or g(ρ, ϕ,t) of Eq. (2.9), instead of the individual distribution for the deflection angle in the preceding subsection, to determine the energy of charged paticles by the most likelihood method.
Let we get N simultaneous data between the deflection projected angle and the lateral displacement (or the chord-angle) of projected components,
from N observations. As the probability of appearing simultaneous data of projected angle θ and chord-angle ψ ≡ y/t within dθ and dψ is
then the scale angle θ M is determined by the maximal point of L(θ M ), hence the energy E is determined from Eq. (2.6).
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The mean logarithmic likelihood curves show narower peaks in Figs. 6 and 7 than in Figs. 3 and 4. So we find θ M thus the energy E of charged particles is more accurately determined by applying the Moliere simultaneous distribution, than applying the individual Moliere distribution for deflection angle.
Conclusion
We have found the energy of charged particle can be determined by applying the most likelihood method with Moliere multiple scattering theory for angular distribution, taking the single and the plural scatterings together into account. We also have found the energy is more accurately determined by applying the Moliere simultaneous distribution than applying the individual Moliere distribution for deflection angle.
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